Gram-negative bacteria contain a lipoprotein in the outer membrane, the biosynthesis of which is of special interest in several respects (2). Novel posttranslational modifications of the lipoprotein take place, including the N-acylation of the N-terminal cysteine, the formation of a thioether linkage between glycerol and the sulfhydryl group of the NH2-terminal cysteine, and the formation of a peptide linkage between the meso-diaminopimelic acid of the peptidoglycan and the E-NH2 group of the COOH-terminal lysine of lipoprotein (2). In addition, Inouye and his co-workers have recently shown that a precursor form of lipoprotein containing 20 extra amino acids at the NH2-terminus is synthesized in both toluene-treated cells and in a cell-free system with purified mRNA (4, 7). Further support for the prolipoprotein as the precursor of murein lipoprotein was provided by the demonstration of genetically modified, uncleaved prolipoprotein in an Escherichia coli mutant altered in the structural gene for this protein (9a). The3e observations suggest that a putative protease is also involved in the processing of lipoprotein. The subcellular localization of the enzymes involved in the processing of lipoprotein and their mode of action remain to be determined.
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Braun, Inouye, and their co-workers have shown independently that both the bound and the free forms of lipoprotein exist exclusively in t Present address: Department of Microbiology, Faculty of Pharmaceutical Sciences, Okayama University, TsushimaNaka, Okayama 700, Japan. the outer membrane of the cell envelope (1, 9) . Lipoprotein is presumably synthesized on cytoplasmic membrane-bound polysomes (13) and subsequently exported to the outer membrane. The mechanism of this intermembrane translocation of an outer membrane protein is totally unknown. Lipoprotein was not detected in the cytoplasmic membrane fraction even in a short pulse-labeling experiment (9) . The size of pulselabeled lipoprotein under physiological conditions appeared to be the same as the mature lipoprotein. These results suggested that both the processing of lipoprotein precursor and the putative translocation from cytoplasmic membrane to outer membrane occurred very rapidly.
It is possible that removal of bulk outer membrane from the cell envelope might result in a reduced rate of transfer of lipoprotein from the cytoplasmic to the outer membrane. To test this, we have studied the synthesis of lipoprotein in EDTA-lysozyme spheroplasts. We report here that under these conditions, lipoprotein accumulates in the cytoplasmic membrane and that it is similar in size to that of the mature lipoprotein.
MATERIALS AND METHODS
Bacterial strain and culture. E. coli ML30 was used in these experiments. Cells were grown at 37°C in M9 medium (10) containing 0.4% glucose.
Spheroplast formation. Spheroplasts were obtained following the procedure of Weiss (14) . Cells were harvested at absorbance at 450 nm of 0.9, washed twice with 10 mM Tris-hydrochloride buffer (pH 8.0) at room temperature and resuspended in 0. Counting of radioactivity. SDS-disc gels were sliced by a Gilson slicer into 1-mm segments, and each segment was incubated with 0.5 ml of 0.5% SDS solution at 37°C for 5 to 20 h. Radioactivity was measured in a Beckman liquid scintillation system with tolueneliquifluor-Triton X-100 scintillation fluid.
Enzyme assay. NADH oxidase was measured by published procedures (11) .
Isotope and chemicals. Radioactive amino acids were purchased from New England Nuclear Corp. Other chemicals used were of analytical grade.
RESULTS
Spheroplast formation. The procedure for protoplast formation recently reported by Weiss results in more than 99% of the cell population being converted to protoplasts which appear to be free from contaminating outer membrane fractions (8, 14) . Following the procedure of Weiss, we found that 99.8% of the cell population was no longer viable (Table 1) pernatant fraction of the low-speed centrifugation and the spheroplast washing (Fig. 2b) . The washed '4C-labeled spheroplasts were incubated with [3H]arginine for 30 min. As can be seen in Fig. 2a , '4C-prelabeled outer membrane protein peaks decreased very substantially in the spheroplast membrane. Five peaks were predominantly labeled with [3H]arginine, including the free form of lipoprotein which migrated between cytochrome c and the tracking dye (Fig. 2a) .
Localization of newly synthesized lipoprotein in the spheroplast. Spheroplast membranes were fractionated by the method of Osborn et al. (11) . Four fractions (a through d) were tentatively assumed to be outer, mixed, and L2 and LI (inner membrane) fractions, respectively (Fig. 3) . NADH oxidase activities of outer, mixed, and inner membrane fractions were 0.084, 0.68, and 0.74 U/mg of protein, respectively, indicating that membrane separation had occurred. Each fraction showed unique and different '4C profiles in SDS-gel electrophoresis ( Fig. 4a through d) , providing further evidence for the validity of membrane separation.
As shown in Proteins other than lipoprotein. In addition to lipoprotein, there were four membrane proteins which appear to be synthesized in spheroplasts (Fig. 2a and 4) . Three of these peaks (1, 2, and 4) were recovered mainly in L2 + LI inner membrane fractions with 3H/'4C ratios higher in L2 and Li than that in outer membrane fraction (Table 4 obtained from spheroplasts by sonication followed by centrifugation at 320,000 x g for 3 h at 40C and analyzed by SDS-disc gel electrophoresis as described in Materials and Methods. The full scales for :'H and 14C radioactivities were 1,700 and 2,000 cpm, respectively. (b) Outer membrane fraction present in the supernatant of first low-speed centrifugation and the spheroplast washing, was recovered by centrifugation at 320,000 x g for 3 h at 40C. The pellet was resuspended in 25% sucrose containing 5 Fig. 3 . Total radioactivities applied on the sucrose gradient were taken as 100% 3H and 14C radioactivity, respectively. ported the presence of an endoproteolytic activity in the inner membrane of E. coli which appears to convert precoat protein of fl phage to its mature form (3). This apparent difference in the localization of these putative signal peptidase(s) in E. coli cell envelope raises the important, yet totally unresolved, question regarding the number of these processing enzymes for outer membrane and periplasmic proteins.
In an independent study, Pages et al. (12) alkaline phosphatase synthesized in spheroplasts. In addition to lipoprotein, at least four membrane protein peaks corresponding to molecular weights of 62,000, 24,000, 18,000, and 16,000, respectively, were preferentially synthesized, three of which appeared also to accumulate in the cytoplasmic membrane fraction.
